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(54) METHOD OF OBTAINING A METALATED ELECTRODE

(57)  The invention relates to a method (100) of ob-
taining a metalated electrode for an energy storage de-
vice.

The method comprises providing a layer assembly.

The layer assembly comprises:

« an electrode (e.g. an electrode foil),

« a first separator layer on top of the electrode, the first
separator layer comprising a first separator, and

« afirst source layer on top of the first separator layer, the
first source layer comprising a first metal.

The electrode is electrically conductive and com-
prises a first electrode material being electrically con-
ductive and being different from the first metal.

The first separator is permeable for metal ions of the
first metal.

The first source layer is electrically conductive.

300a

The method further comprises electrically connect-
ing the first source layer to the electrode by means of a
first current control unit,

The method further comprises providing an agent
comprising a solvent and metal ions of the first metal, the
metal ions being dissociated in the solvent, and metalat-
ing the electrode.

The electrode is metalated by:

« causing a flow of metal ions of the first metal into the
electrode by exposing the layer assembly to the agent,
« while controlling an electrical current between the first
source layer and the electrode by means of the first
current control unit.

The method further comprises removing the meta-
lated electrode from the agent.
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Description

FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to a method of
obtaining a metalated electrode for an energy storage
device.

BACKGROUND

[0002] Batteries play a critical role in modern society,
powering a wide range of devices from portable electro-
nics to electric vehicles. Rechargeable batteries, also
referred to as secondary batteries, are often preferred
due to their reusability.

[0003] The increasing demand for portable electronics
and electric vehicles has led to a growing need for bat-
teries with higher energy density, longer lifespan (includ-
ing number of possible charging cycles of a secondary
battery), and improved safety. Furthermore, the shift
towards renewable energy sources such as solar and
wind power has increased the need for energy storage
systems, making batteries an essential technology in the
transition to a low-carbon economy.

[0004] Due to the importance of batteries, there is a
high demand to improve the efficiency and lifespan of
batteries, including the battery electrodes (i. e. the anode
or the cathode). Battery electrodes are conductive ma-
terials that serve as the positive and negative terminalsin
a battery.

[0005] Secondary batteries are based on the principle
of moving metal ions as charge carriers from a cathode to
an anode and vice versa. These secondary batteries
experience a loss of these ions in the first charging step
of the formation often referred to as first cycle efficiency. If
leftuncompensated the loss of metal ions causes a lower
gravimetric and volumetric energy density and therefore
worsens key characteristics of the secondary battery cell.
[0006] This loss is due to the formation of protective
layers on the active material. These so-called SEI (solid
electrolyte interface) are essential for the function of the
cell as they prevent the penetration of electrolyte mole-
cules into the anode material.

[0007] Accordingly, pre-metalation of the anodes has
been proposed as away to compensate for the consump-
tion of metal ions in irreversible reactions during the
formation of the solid electrolyte interface layer in the
initial cycling. By introducing additional metal of the
charge carrier species, the consumption of the solid
electrolyte interphase may be compensated, leading to
improved battery performance.

[0008] US2021184208A1 relates to methods and sys-
tems for the deposition and processing of lithium metal in
energy storage devices. In one implementation, an inte-
grated processing tool for the deposition and processing
of lithium metal in energy storage devices. The integrated
processing tool may be a web tool. The integrated pro-
cessing tool may comprises a reel-to-reel system for
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transporting a continuous sheet of material through the
following chambers: a chamber for depositing a thin film
of lithium metal on the continuous sheet of material and a
chamber for depositing a protective film on the surface of
the thin film of lithium metal. The chamber for depositing a
thin film of lithium metal may include a PVD system, such
as an electron-beam evaporator, a thin film transfer sys-
tem, or a slot-die deposition system. The chamber for
depositing a protective film on the lithium metal film may
include a chamber for depositing an interleaf film or a
chamber for depositing a lithium-ion conducting polymer
on the lithium metal film.

[0009] EP2786441B1 relates to a method for lithiation
ofanintercalation-based anode or a non-reactive plating-
capable foil or a reactive alloy capable anode, whereby
utilization of said lithiated intercalation-based anode or a
plating-capable foil or reactive alloy capable anode in a
rechargeable battery or electrochemical cell results in an
increased amount of lithium available for cycling, and an
improved reversible capacity during charge and dis-
charge.

[0010] US11183683B2 is directed to a method for pre-
lithiation of negative electrodes during lithium loaded
electrode manufacturing for use in lithium-ion capacitors.
Thereis provided a system and method of manufacture of
LIC electrodes using thin lithium film having holes there-
in, and in particular, to the process of manufacturing
lithium loaded negative electrodes for lithium-ion capa-
citors by pre-lithiating electrodes with thin lithium metal
films, wherein the thin lithium metal films include holes
therein, and the lithium loaded negative electrodes are
manufactured using a roll-to-roll lamination manufactur-
ing, process. Further methods of electrode pre-lithiation
are known from e.g. US11211205B2, US11329312B2.
[0011] Kim et.al. further describes a controlled Pre-
lithiation method of Silicon Monoxide for High Perfor-
mance Lithium-lon Rechargeable Full Cells, cf. Kim
HJ, Choi S, Lee SJ, Seo MW, Lee JG, Deniz E, Lee
YJ, Kim EK, Choi JW. Controlled Prelithiation of Silicon
Monoxide for High Performance Lithium-lon Recharge-
able Full Cells. Nano Lett. 2016 Jan 13;16(1):282-8. doi:
10.1021/acs.nanolett.5b03776. Epub 2015 Dec 24.
PMID: 26694703.

SUMMARY OF THE DISCLOSURE

[0012] Currently, it remains desirable to provide a
method of obtaining a metalated electrode, wherein
the metalation process becomes faster and more reli-
able.

[0013] Therefore, the present disclosure relates to a
method of obtaining a metalated electrode for an energy
storage device.

[0014] The method comprises providing a layer as-
sembly.
[0015] The layer assembly comprises:

* an electrode (e.g. an electrode foil),
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e afirstseparator layer on top of the electrode, the first
separator layer comprising a first separator, and

e afirst source layer on top of the first separator layer,
the first source layer comprising a first metal.

[0016] The electrode is electrically conductive and
comprises a first electrode material being electrically
conductive and being different from the first metal.

[0017] Thefirstseparatoris permeable for metalions of
the first metal.

[0018] The first source layer is electrically conductive.
[0019] The method further comprises electrically con-

necting the first source layer to the electrode by means of
a first current control unit,

[0020] The method further comprises providing an
agent comprising a solvent and metal ions of the first
metal, the metal ions being dissociated in the solvent, and
metalating the electrode.

[0021] The electrode is metalated by:

e causing a flow of metal ions of the first metal into the
electrode by exposing the layer assembly to the
agent,

* while controlling an electrical current between the
first source layer and the electrode by means of the
first current control unit.

[0022] The method further comprises removing the
metalated electrode from the agent.

[0023] By providing such a method, the process of
metalation of the electrode can be optimized for an en-
ergy storage device e.g. a secondary battery or a metal
ion capacitor. In particular, the metalation rate can be
increased and at the same time can be better controlled,
as explained in the following description in more detail.
Hence, the metalation process becomes faster and more
reliable.

[0024] Accordingly, it becomes possible to add metal
ions to the electrode based on the migration of metal ions
(e. g. Li*, Na*, K*, Mg2+, Ca2*, AI3*) before the first
charge in order to increase the capacity and lifetime of
the final battery cell, e. g. by using suitable solvents, salts
and/or metal-organyls in the agent. Metalating the elec-
trode before the first charge may also be referred to as
pre-metalating. Metalating the electrode may comprise
pre-metalating.

[0025] Furthermore, the loss of these ions due to side
reactions, e. g. the formation of protective layers on the
active material (i. e. the SEI), can be compensated for by
introducing additional metal ions into the battery elec-
trode (e. g. the anode) using e.g. a wet chemical process
(i. e. by exposing the electrode to the agent) prior to cell
assembly. Through this compensation, the usable capa-
city of the final battery cell can be increased.

[0026] In addition, a reservoir of ions can be created
that can be consumed over the life of the battery cell,
improving the cycling stability of the battery cell.

[0027] The method of the present disclosure provides
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the following further advantages in view of conventional
methods.

[0028] As compared to conventional metalation meth-
ods, as e.g. disclosed in US20210184208A1, the agent
(e.g. an electrolyte) significantly increases the metalation
(e.g. lithiation) rate, since it provides an ion-conducting
media to all of the electrode (e.g. anode) surfaces it
comes into contact with. Thus, a several-hours long
reaction time established for the "dry" process is no more
required. The reaction in the agent (e.g.electrolyte med-
ia) can finish as fast as e.g. 10 min, e.g. when a good
wetting is achieved.

[0029] Furthermore, as compared to conventional me-
talation methods, as e.g. disclosed in
US20210184208A1, since the reaction is not limited only
to the electrode (e.g. Li-anode) contact surface, heat
build-up can be more evenly distributed. In addition,
the agent (e.g. liquid electrolyte) provides good dissipa-
tion of heat.

[0030] Furthermore, as compared to conventional me-
talation methods, as e.g. disclosed in
US20210184208A1, evenly distributed reaction facili-
tates homogeneous pre-metalation (e.g. pre-lithiation).
This helps avoid inhomogeneous formations on the elec-
trode (e.g. anode) surface, which is typically observed in
the "dry" process.

[0031] Furthermore, as compared to conventional me-
talation methods, as e.g. disclosed in
US20210184208A1, since the metalated electrode is
removed from the agent, it can go through rinsing pro-
cess, unreacted Li metal, passivation layer Li2CO3, and
release layer metal oxides, as well as the products of side
reactions (LIOH, L20, etc.) can be removed from the
electrode (e.g. anode) surface. This further improves the
quality of the (pre-)metalated (e.g. pre-lithiated) elec-
trode and ensures that unwanted chemicals do not end
up in the final energy storage device.

[0032] Beside this, as compared to other conventional
electrochemical or electrolysis methods, as e.g. dis-
closed in EP2786441B1, the metalation reaction is spon-
taneous and does not require any external electric input.
The pre-metalation (e.g. lithiation) rate can be conveni-
ently controlled by varying the current control unit, e.g. a
resistance of a shortcircuit.

[0033] Furthermore, as compared to conventional
electrolysis methods, as e.g. disclosed in
EP2786441B1, no side-chemicals are produced. This
relates to both solvent decomposition and anionic reac-
tions. The only chemical reactions taking place may be
the consumption of metallic Li and reaction of Li* ions with
the electrode. In addition, external potential applied in
e.g. EP2786441B1 necessitates the use of organic sol-
vents that are electrochemically stable at this voltage
window, which are scarce. Most of such solvents cannot
dissolve Li salts in high quantities, have high boiling
points, and so on. This significantly complicates the over-
all process. Standard Li- ion battery solvents described in
this invention can provide pre-metalation quality similar
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to the outcome of the chemical reactions in the formation
cycle. In contrast the method of the present disclosure
can further help to achieve improved SEI formation.
Furthermore, specific additives can be added to the
agent (e.g. an electrolyte bath) to improve SEl formation.
[0034] In addition, in method of the present disclosure
the external shorting (i.e. controlling the electrical current
via the current control unit) gives a simple means of
controlling the pre-lithiation rate. In contrast, conven-
tional uncontrolled local high reaction rates can cause
uneven pre-lithiation degrading the overall product qual-
ity, generate local heat.

[0035] Ascompared tousage ofLimetalinbulk formas
in other conventional methods, cf. also e.g.
US11183683B2, US11211205B2, US11329312B2, and
Kim et.al.), passivated metal (e.g. Li) thin film is signifi-
cantly safer to handle under dry room conditions. In
addition, the process described in this invention does
not activate the Li thin film up until the point of actual
usage, significantly improving the safety during unin-
tended stoppage of the process during running. Further-
more, the invention disclosed intends to use the Li thin
film completely, meaning that no Li-metal-containing
waste is generated.

[0036] The electrode may comprise an electrode metal
layer and a first electrode layer on top of the electrode
metal layer.

[0037] Thefirstelectrode layer may comprise the elec-
trode material.

[0038] The electrode metallayer may comprise a metal
that is different from the electrode material.

[0039] The first separator layer may be on top of the
first electrode layer.

[0040] Causing the flow of metal ions may comprise:
causing the flow of metal ions into the first electrode layer.
[0041] Thefirst source layer may comprise afirst metal
layer and a first substrate layer. The first metal layer may
be on top of the first separator layer. The first substrate
layer may be on top of the first metal layer. The first metal
layer may comprise the first metal. The first substrate
layer may comprise a metal different from the first metal.
[0042] The method may comprise: controlling a meta-
lation rate and/or extent of the electrode by controlling the
electrical current between the source layer and the elec-
trode by means of the first current control unit.

[0043] The layer assembly may comprise:

e a second separator layer on top of the electrode,
opposite to the first separator layer, the second
separator layer may comprise a second separator,

e asecond source layeron top of the second separator
layer, the second source layer may comprise the first
metal.

[0044] The second separator may be permeable for
metal ions of the first metal.

[0045] The second source layer may be electrically
conductive.
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[0046] The method may further comprise:

electrically connecting the second source layer to the
electrode by means of a second current control unit.
[0047] Metalating the electrode may further comprise:

* causing a flow of metal ions of the first metal into the
electrode by exposing the layer assembly to the
agent,

* while controlling an electrical current between the
second source layer and the electrode by means of
the second current control unit.

[0048] Providing the layer assembly may comprise:

e forming an electrode-separator assembly, compris-
ing the electrode and the first separator layer, by
bringing the first separator layer into contact with the
electrode, and

* bringing the first source layer into contact with the
electrode-separator assembly and thereby forming
the layer assembly.

Optionally, the electrode-separator assembly may
further comprise the second separator layer.

Optionally, the electrode-separator layer assembly may
be formed by bringing the first separator layer and the
second separator layer into contact with the electrode.
The method may further comprise: bringing the second
source layer into contact with the electrode-separator
assembly and thereby forming the layer assembly.
[0049] The layer assembly may be exposed to the
agent without applying an external voltage between
the electrode and the first source layer and/or the second
source layer.

[0050] The layer assembly may be exposed to the
agent for a predetermined amount of time.

[0051] Exposing the layer assembly to the agent may
comprise: moving the layer assembly through a bath
comprising the agent, optionally along a plurality of rolls
in the bath.

[0052] The solvent may be an anhydrous organic sol-
vent.

[0053] The metal may be at least one of Lithium, so-
dium, potassium, magnesium, calcium and aluminium
and wherein the agent may comprise dissolved metal salt
of the metal.

[0054] Optionally, the solvent may comprise one or
more of: butylene carbonate, propylene carbonate, ethy-
lene carbonate, vinylene carbonate, vinyl ethylene car-
bonate, dimethyl carbonate, diethyl carbonate, dipropyl
carbonate, methyl ethyl carbonate, acetonitrile, gamma-
butyrolactone, triglyme, tetraglyme, dimethylsulfoxide,
dioxolane, sulfolane, room temperature ionic liquids.
[0055] Optionally, the metal salt may be a Li salt se-
lected from LiF, LiCl, LiBr, LiPF6, LiClO4, Organolithium
salts and/or mixtures thereof.

[0056] Optionally, the agent may comprise LiClO4 in
acetontril or in dimethyl carbonate.
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[0057] The method may further comprise, after remov-
ing the metalated battery electrode from the agent, re-
moving:

¢ the first substrate layer,

e the first separator layer,

e optionally the second substrate layer and
* optionally the second separator layer.

[0058] The method may further comprise, after remov-
ing the metalated electrode from the agent, exposing the
layer assembly to arinsing solvent and/or drying the layer
assembly.

[0059] The presentdisclosure furtherrelates to a meth-
od of producing an energy storage device, such as a
battery cell or metal ion capacitor. The method may
comprise obtaining a metalated electrode as described
above.

[0060] The present disclosure further relates to a me-
talated electrode obtained by a method of obtaining a
metalated electrode as described above.

[0061] The present disclosure may also relate to an
energy storage device, e.g. a battery cell, comprising a
metalated electrode as described above.

[0062] The present disclosure further relates to a sys-
tem for metalating an electrode. The system may com-
prise:

a bath of agent, wherein the agent may comprise a
solvent and metal ions dissociated in the solvent.
Optionally, the system may be configured to perform the
method of obtaining a metalated electrode as described
above.

[0063] The technology provided by the present disclo-
sure may be applied in various types of batteries such as
lithium-ion secondary batteries. Other compatible exam-
ples of batteries may be sodium-ion batteries, potassium-
ion batteries, magnesium-ion batteries, calcium-ion bat-
teries or aluminum-ion batteries. The technology pro-
vided by the present disclosure may also be applied in
various types of metal ion capacitors, such as lithium-ion
capacitors.

[0064] It is intended that combinations of the above-
described elements and those within the specification
may be made, except where otherwise contradictory.
[0065] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only, are provided for
illustration purposes and are not restrictive of the disclo-
sure, as claimed.

[0066] The accompanying drawings, which are incor-
porated in and constitute a part of this specification,
illustrate examples of the disclosure and together with
the description, and serve to support and illustrate the
principles thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0067]
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Fig. 1 shows aflowchart of a method 100 of obtaining
a metalated electrode according to examples of the
present disclosure.

Fig. 2 schematically shows a layer assembly 200
useable in the method 100 of Fig. 1.

Fig. 3 schematically shows a first exemplary manu-
facturing system 300a for obtaining a metalated
electrode in the method 100 of Fig. 1.

Fig. 4 schematically shows the metalation process
400 according to examples of the present disclosure.
Fig. 5 schematically shows a second exemplary
manufacturing system 300b for obtaining a meta-
lated electrode in the method 100 of Fig. 1.

DESCRIPTION OF THE DRAWINGS

[0068] Reference will now be made in detail to exam-
ples of the disclosure, examples of which are illustrated in
the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[0069] Fig. 1 shows a flowchart of a method 100 of
producing (or more generally: of obtaining) a metalated
electrode according to examples of the present disclo-
sure. Fig. 2 schematically shows a layer assembly 200 as
useable in the method 100 of Fig. 1. Fig. 2 schematically
shows a layer assembly 200 as useable in the method
100 of Fig. 1.

[0070] In a first step S1 a layer assembly is provided.
For example, the layer assembly comprises:

* anelectrode (e.g. an electrode foil) 203, also referred
to as a pristine electrode,

« afirstseparatorlayer 202 on top of the electrode, the
first separator layer comprising a first separator, and

» a first source layer 201 on top of the first separator
layer, the first source layer comprising a first metal.

[0071] The electrode 203 is electrically conductive and
comprises a first electrode material being electrically
conductive and being different from the first metal. The
first separator 202 is permeable for metal ions of the first
metal.

[0072] The first source layer 201 is electrically conduc-
tive. The first source layer may comprise a first metal
layer402 and afirst substrate layer or base foil 401 (cf. fig.
4 and 5). The first metal layer may be on top of the first
separator layer. The first substrate layer may be on top of
the first metal layer. The first metal layer may comprise
the first metal. The first substrate layer may comprise a
metal different from the first metal.

[0073] The layer assembly may be provided by un-
winding each layer (i.e. the electrode, the first separator
and the first source layer). Accordingly, the system 300a
may comprise respective coils or rolls 302 on which the
layers are wound, and a device for unwinding the elec-
trode foil (not shown in fig. 2). The unwound layers may
be calendered or assembled (with or without pressure) by
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rolls 304 to form the layer assembly.

[0074] The layers, in particular the pristine electrode
foil, may be any kind of material sheets or other thin
structures like a thin film or a thin layer. The foil may have
any thickness and shape. The foil may, for example have
a round or a rectangular shape.

[0075] The metalated electrode may be or may be
suitable to serve as an anode or a cathode of a battery
cell.

[0076] The metalated electrode may be a sheet of
material that is useable as one of the electrodes in a
battery. The electrode may comprise any kind of material
that may be suitable as battery electrode. The electrode
foil 203 may itself comprise a plurality of layers, e. g. a
base foil 403 inside and on one or both (outer) sides an
electrode coating layer 203a (cf. also fig. 4 and 5).
[0077] For example, the base foil may be made from a
conductive metal such as copper or aluminumto serve as
a current collector for the electrode. Other examples of
materials that may be used in the base foil (i. e. to form the
base foil) may include nickel-coated copper foil, alumi-
num-coated copper foil, stainless steel foil, copper-zinc
alloy foil. The material of the base foil may be chosen to
guarantee a good electrical conductivity, high thermal
stability, and low resistance.

[0078] The electrode coating layer may, for example,
comprise silicon and/or carbon material, metal oxides or
phosphates and/or other conversion or intercalation ma-
terials feasible for secondary batteries. For example, the
battery electrode foil may comprise a silicon suboxide-
carbon (SiOx/C, 1 < x < 2) composite. The silicon sub-
oxide-carbon (SiOx/C, 1 < x < 2) composite is just one
example of a material that may be used. Accordingly, an
active material may be applied to one or both sides of the
base foil, i. e. to form the electrode coating layer. Ex-
emplary active materials may contain but are not limited
to metal oxides (lithium cobalt oxide, lithium manganese
oxide, lithium nickel manganese cobalt oxide(NMC),
lithium vanadium oxide), phosphates (lithium iron phos-
phate, and/or lithium manganese iron oxide (LMFP)),
Prussian blue and/or mixtures thereof on the cathode
side (i. e. in case the battery electrode shall serve as a
cathode), and/or carbon materials (e. g. graphite, hard
carbon), silicon-based materials (silicon, silicon oxide,
silicon carbide), titanates, sulfur-based compounds (sul-
fides, sulfur-polymer-gels), and/or mixtures thereof on
the anode side (i. e. in case the battery electrode shall
serve as an anode).

[0079] More generally expressed, the layer assembly
may be provided by forming an electrode-separator as-
sembly 203, 202, comprising the electrode 203 and the
first separator layer 202, by bringing the first separator
layer into contact with the electrode, and bringing the first
source layer 201 into contact with the electrode-separa-
tor 203,202 assembly and thereby forming the layer
assembly.

[0080] As shown in fig. 3 and also in fig. 5, the layer
assembly may be symmetrical. Accordingly, the layer
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assembly may comprise (cf. fig. 5):

¢ asecond separator layer 202 on top of the electrode
203, opposite to the first separator layer, the second
separator layer may comprise a second separator,

e a second source layer 201 on top of the second
separator layer, the second source layer may com-
prise the first metal 402.

[0081] In a step S2 the first source layer 201 is elec-
trically connected to the electrode 203 by means of a first
current control unit 301 (cf. fig. 3). Steps S1 and S2 may
also be performed in another order, e.g. simultaneously
or S2 before S1. For example, an electrical connection
may be established between the coil of the first source
layer 201 and the coil of the electrode 203. Accordingly, it
is not necessary to provide any electrical contact at the
moving layers or in the pre-metalation bath 306, what can
be difficult or less reliable.

[0082] Inastep S3 anagent 306’ comprising a solvent
and metal ions of the first metal is provided. The metal
ions are dissociated in the solvent, and metalating the
electrode. The agent may be provided in the electrolyte
bath 306. The agent may also be referred to as an
electrolyte.

[0083] The electrolyte may comprise any anhydrous
organic solvent and dissolved Li salt. Typical examples of
a non- aqueous solvents are butylene carbonate, propy-
lene carbonate, ethylene carbonate, vinylene carbonate,
vinyl ethylene carbonate, dimethyl carbonate (DMC),
diethyl carbonate, dipropyl carbonate, methyl ethyl car-
bonate, acetonitrile (CH3CN), gamma-butyrolactone, tri-
glyme, tetraglyme, dimethylsulfoxide, dioxolane, sulfo-
lane, room temperature ionic liquids and mixtures there-
of. The Li salt can be selected from LiF, LiCl, LiBr, LiPF6,
LiClO4, Organolithium salts and mixtures thereof. A de-
sirable combination for this method may be 1.5 M LiCIO4
in CH3CN, or 1-2 M LiCIO4 in DMC. Both DMC and
acetonitrile have advantages of being inexpensive, vo-
latile, and only moderately toxic. Volatility improves the
subsequent drying process, and the lower toxicity limits
the health and environment hazards. LiCIO4 has suffi-
cientsolubilityin CH3CN and DMC, and is stable towards
water, which eliminates the need for anhydrous handling
conditions for hazardous LiPF6.

[0084] Again, Steps S1to S3 may also be performed in
another order, e.g. simultaneously or S3 before S1 and/or
S2. The layer assembly may be guided into and through
the bath 306 via one or several rolls 305.

[0085] Inthebaththe electrode is metalated by causing
a flow of metal ions of the first metal into the electrode 203
by exposing the layer assembly to the agent 306’. At the
same time, in the bath an electrical current between the
first source layer 201 and the electrode 203 is controlled
by means of the first current control unit 301.

[0086] Since the layer assembly may pass through the
bath with a controlled speed, the layer assembly may be
exposed to the agent for a predetermined amount of time.
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Accordingly, the amount of metalation may also be con-
trolled by the speed of the layer assembly and the path
length within the bath (cf. fig 5. where the path length has
been increased).

[0087] The method may further comprise removing the
metalated electrode from the agent, such that further
optional steps can be performed, before the metalated
electrode is further processed, in order to produce e.g. a
battery.

[0088] Forexample, the method may further comprise,
after removing the metalated battery electrode from the
agent, removing the first substrate layer 401 and the first
separator layer 202. Accordingly, waste separator 202
and substrate 401 may be removed from the assembly
and rewound. Depending on the waste disposal regula-
tions, the separator and substrate may be rinsed in a
solvent bath (not shown in fig. 2) before being rewound.
[0089] The method may further comprise exposing the
layer assembly to a rinsing solvent 307 and/or drying the
layer assembly with a drying device 308. Accordingly, the
metalated electrode may be transferred into rinsing bath
308, where a countercurrently flowing fresh solvent may
remove the metal salt and any unwanted chemicals (e.g.,
Li2CO3) from the electrode. The solvent may be the
same one used in the electrolyte bath 306, or any other
solvent that can provide sufficient solubility of the che-
mical species mentioned above. Rinsed solvent may be
refreshed using ionexchange columns and re-used in the
rinsing (cf. solvent entry 306’ in fig. 5).

[0090] Then the electrode may pass through an in-line
drying unit 308, where volatile solvent may be removed.
[0091] Finally, the metalated electrode may be re-
wound for further use in a cell assembly. Alternatively
or in addition, an electrode cutting unit may be imple-
mented into the system at this location.

[0092] Fig. 4 schematically shows the metalation pro-
cess 400 according to examples of the present disclo-
sure.

[0093] Inthis example the electrode may be referred to
as an anode and the first metal may be referred to as
Lithium. However, also other options are possible, as
described in the present disclosure.

[0094] The present disclosure provides a method to
pre-lithiate Li-ion battery electrodes in a roll-to-roll elec-
trochemical process using Li thin-film with passivation
layer deposited onto a metal foil subtrate.

[0095] The process takes advantage of the spontane-
ity of the reaction between Li metal and Li-ion battery
electrodes. Thus, the electrochemical process does not
require any electricity input. Oppositely, a current control
unit (simplified as variable resistor) is used to limit the
current flow and control the rate of the pre-lithiation.
[0096] An electrode 203 may be aligned with a separa-
tor 202 and a Li/substrate foil 401, 402 (in the given order)
from each side. The Li/substrate foil 401, 402 may placed
so that Li-coated side faces towards the electrode foil. A
passivated Li thin-film (e-g- of 1-20 wm) may be depos-
ited on a sheet of material 402, which may in some
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examples be a conductive foil.

[0097] A passivated Li thin film can be stable under dry
room conditions (-40°C DP) and should not cause safety
issues during handling. The passivation layer, which is
typically e.g. Li2CO3, does not have to be removed from
the Li film, and should not have effect on the pre-lithiation
process disclosed in present disclosure. The substrate
401 may be a conductive material, i.e., a metal, to enable
short-circuiting the Li 402 and electrode 203 in the pre-
lithiation process. Examples of metals that the substrate
may be comprised of include aluminum (Al), copper (Cu),
zinc (Zn), nickel (Ni), cobalt (Co), tin (Sn), silicon (Si),
manganese (Mn), magnesium (Mg), alloys thereof, and
combinations thereof.

[0098] Thelayerassembly comprising an electrode foil
203 / separator 202 / Li 402 / substrate 401 is passed
through an electrolyte bath 306. In the electrolyte bath, Li
metal oxidizes and liberates Li+ ions into electrolyte.
Since the separator 202 may be porous, the electrolyte
(i.e. agent 306’) may enter the porous separator and thus
allow the Li+ ions to pass the separator. Atthe same time,
Li+ ions from the electrolyte 306’ reduce the anode
forming a lithiated anode. The electrons of the two
half-reactions are transferred in a controlled current by
the external circuit of the current control unit 301. This
circuit may hence be used to short-circuit the metal foils of
Li/substrate and electrode foil.

[0099] Thus, a metalation rate may be controlled by
controlling the electrical current between the source layer
and the electrode by means of the first current control
unit.

[0100] The reaction between Li and the electrode
(namely the anode) is spontaneous, and can proceed
on its own. Thus, the layer assembly may be exposed to
the agent without requiring an external voltage. For ex-
ample, cell potential between Liand Sianodesis >0.25 V.
A current control unit 301, e.g. a variable resistor, in the
external circuit may be used to control the current flow
and pre-lithiation rate, i.e. by increasing the resistance
the rate can be slowed down. Hence, overheat genera-
tion and quality of the pre-lithiation can be controlled.
Exact choice of resistance values may depend on factors
such as bulk resistivity of the electrolyte, electrolyte-
electrode e.g. interfacial resistance, Li-electrolyte inter-
facial resistance, and others. Although slower pre-litha-
tion rates tend to give better results, this rate may be
increased to up to a 2C- rate without significant negative
impact on the electrode quality. Thus, a typical bath time
(i.e., reaction time) may have a duration of e.g. 1 to 10
minutes for intended pre-lithiation degrees from 5 to 30%
inanideal equipment (i.e., 100% yield). In such q case, if,
for example, the process speed is 100 m/h, thenupto 17
m of the electrode may be required to be in the electrolyte
bath at any given time.

[0101] To account for this, the electrode foil/separa-
tor/Li/substrate assembly may make several turns in the
electrolyte bath to increase the path length and thus
provide sufficient time for the reaction, as shown in the



13 EP 4 531 124 A1 14

example of fig. 5.

[0102] Fig. 5 schematically shows a second exemplary
manufacturing system 300b for obtaining a metalated
electrode in the method 100 of Fig. 1. Again, in this
example the electrode may be referred to as an anode
and the first metal may be referred to as Lithium. How-
ever, also other options are possible, as described in the
present disclosure.

[0103] The example of fig. 5 may principally corre-
spond to that one of fig. 3, wherein the path length of
the layer assembly in the bath 306 has been increased by
guiding it along several offset rolls 305'.

[0104] Thus, the bath dimensions can be significantly
decreased to a few meters. Additional several minutes
can be needed to provide sufficient time for wetting of the
porous electrode and separator. The pre-lithiation is in-
tended to run until the Li thin film wholly reacts with the
electrode. Thus, ideally, the process does not produce Li
waste, and the only waste of the Li/substrate is leftover
substrate, which is a stable metal foil (see above). In case
of mismatch between the Li thin film thickness of the
supplied Li/substrate and the intended electrode pre-
lithiation degree, pre-slit Li/substrate roll (narrower)
can be used.

[0105] For example, 10-pm-thick Li thin film may pre-
lithiate an electrode of the same area with an areal
capacity of 4 mAh / cm2 up to pre-lithiation degree of
20%. If the intended degree of the pre-lithiation of the
same electrode is e.g. 10%, then a Li/substrate slit to half
of the electrode width can be used. Pre-lithiated anode
leaving the electrolyte bath will continuously remove
some liquid from the bath, and fresh electrolyte may be
added into the bath to compensate for the loss. For
example, assuming that electrolyte is mainly removed
in the pores of the electrode foil and separator, and taking
typical porosities and thicknesses of the electrode and
the separator, e.g. 50 mL of electrolyte may be expected
to be removed for every 1 m2 of passing electrode as-
sembly.

[0106] Throughout the description, including the
claims, the term "comprising a" should be understood
as being synonymous with "comprising at least one"
unless otherwise stated. In addition, any range set forth
in the description, including the claims should be under-
stood as including its end value(s) unless otherwise
stated. Specific values for described elements should
be understood to be within accepted manufacturing or
industry tolerances known to one of skill in the art, and
any use of the terms "substantially" and/or "approxi-
mately" and/or "generally" should be understood to mean
falling within such accepted tolerances.

[0107] Although the present disclosure herein has
been described with reference to particular examples,
it is to be understood that these examples are merely
illustrative of the principles and applications of the pre-
sent disclosure.

[0108] It is intended that the specification and exam-
ples be considered as exemplary only, with a true scope
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of the disclosure being indicated by the following claims.

Claims

1. A method of obtaining a metalated electrode for an
energy storage device, the method comprising:

providing a layer assembly, the layer assembly
comprising:

* an electrode,

« a first separator layer on top of the elec-
trode, the first separator layer comprising a
first separator, and

» a first source layer on top of the first se-
parator layer, the first source layer compris-
ing a first metal,

wherein the electrode is electrically conductive
and comprises a first electrode material being
electrically conductive and being different from
the first metal,

wherein the first separator is permeable for me-
tal ions of the first metal,

wherein the first source layer is electrically con-
ductive,

wherein the method further comprises:

electrically connecting the first source layer
to the electrode by means of a first current
control unit,

providing an agent comprising a solvent
and metal ions of the first metal, the metal
ions being dissociated in the solvent, and
metalating the electrode by:

» causing a flow of metal ions of the first
metal into the electrode by exposing
the layer assembly to the agent,

« while controlling an electrical current
between the first source layer and the
electrode by means of the first current
control unit,

wherein the method further comprises: re-
moving the metalated electrode from the
agent.

2. The method according to claim 1,

wherein the electrode comprises an electrode
metal layer and a first electrode layer on top of
the electrode metal layer,

wherein the first electrode layer comprises the
electrode material,

wherein the electrode metal layer comprises a
metal that is different from the electrode materi-
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al,

wherein the first separator layer is on top of the
first electrode layer, and wherein causing the
flow of metal ions comprises: causing the flow of
metal ions into the first electrode layer.

The method according to claim 1 or claim 2, wherein
thefirst source layer comprises a first metal layer and
a first substrate layer, the first metal layer being on
top of the first separator layer, the first substrate layer
being on top of the first metal layer, the first metal
layer comprising the first metal, the first substrate
layer comprising a metal different from the first metal.

The method according to any one of the preceding
claims, wherein the method comprises:

controlling a metalation rate and/or extent of the
electrode by controlling the electrical current be-
tween the source layer and the electrode by means
of the first current control unit.

The method according to any one of the preceding
claims, wherein the layer assembly comprises:

» a second separator layer on top of the elec-
trode, opposite to the first separator layer, the
second separator layer comprising a second
separator,

» a second source layer on top of the second
separator layer, the second source layer com-
prising the first metal,

wherein the second separator is permeable for
metal ions of the first metal,

wherein the second source layer is electrically
conductive,

wherein the method further comprises:

electrically connecting the second source
layer to the electrode by means of a second
current control unit,

wherein metalating the electrode further
comprises:

« causing a flow of metal ions of the first
metal into the electrode by exposing
the layer assembly to the agent,

+ while controlling an electrical current
between the second source layer and
the electrode by means of the second
current control unit.

6. The method according to any one of the preceding

claims,

wherein providing the layer assembly com-
prises:

« forming an electrode-separator assembly,
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10.

comprising the electrode and the first se-
parator layer, by bringing the first separator
layer into contact with the electrode, and

« bringing the first source layer into contact
with the electrode-separator assembly and
thereby forming the layer assembily,

wherein optionally, the electrode-separator as-
sembly further comprises the second separator
layer, and

wherein optionally, the electrode-separator
layer assembly is formed by bringing the first
separator layer and the second separator layer
into contact with the electrode, and

wherein optionally, the method further com-
prises: bringing the second source layer into
contact with the electrode-separator assembly
and thereby forming the layer assembly.

The method according to any one of the preceding
claims, wherein the layer assembly is exposed to the
agent without applying an external voltage between
the electrode and the first source layer and/or the
second source layer.

The method according to any one of the preceding
claims, wherein the layer assembly is exposed to the
agent for a predetermined amount of time.

The method according to any one of the preceding
claims, wherein exposing the layer assembly to the
agent comprises: moving the layer assembly
through a bath comprising the agent, optionally
along a plurality of rolls in the bath.

The method according to any one of the preceding
claims,

wherein the solvent is an anhydrous organic
solvent, wherein the metal is at least one of
Lithium, sodium, potassium, magnesium, cal-
cium and aluminium and wherein the agent
comprises dissolved metal salt of the metal,
wherein optionally, the solvent comprises one
or more of: butylene carbonate, propylene car-
bonate, ethylene carbonate, vinylene carbo-
nate, vinyl ethylene carbonate, dimethyl carbo-
nate, diethyl carbonate, dipropyl carbonate,
methyl ethyl carbonate, acetonitrile, gamma-bu-
tyrolactone, triglyme, tetraglyme, dimethylsulf-
oxide, dioxolane, sulfolane, room temperature
ionic liquids, wherein optionally, the metal saltis
a Li salt selected from LiF, LiCl, LiBr, LiPFg,
LiClO,4, Organolithium salts and/or mixtures
thereof,

wherein more optionally, the agent comprises
LiClO4 in acetontril or in dimethyl carbonate.
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The method according to any one of the preceding
claims, wherein the method further comprises, after
removing the metalated battery electrode from the
agent, removing:

« the first substrate layer,

« the first separator layer,

« optionally the second substrate layer and
« optionally the second separator layer.

The method according to any one of the preceding
claims, wherein the method further comprises, after
removing the metalated electrode from the agent,
exposing the layer assembly to a rinsing solvent
and/or drying the layer assembly.

A method of producing an energy storage device,
such as a battery cell, the method comprising:
obtaining a metalated electrode according to any
one of the preceding claims.

A metalated electrode obtained by a method accord-
ing to any one of claims 1 to 12.

A system for metalating an electrode, the system
comprising:

a bath of agent, wherein the agent comprises a
solvent and metal ions dissociated in the sol-
vent,

wherein optionally, the system is configured to
perform the method according to any one of
claims 1 to 12.
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